-

Yoo
e
- ‘
et £
RDTR No. 105 -
Janna?y 1968
VOLUME I OF X .
25 HILLION CANDLE CAST FLARE, 5‘:
DIAMETER AND BINDER 8TUDY
{Summary Report June 68 o Jane 67) E
!
3
i
%
P/
RERNARE E. DOUDA ' DC
- U. 8. Nuval Ammunition Depot
05 e, s 4o rmmmﬂ
rﬁj FEBR 3188 ]
L.
Prepared under MIPR PG-6-58 for the ﬁlumination Branch, B
Targets and Scorers Division, Air Force Armament Labo-
ratory, Eglin Air Force Base, Florida
. docussast hoas Baon appeoved
for publie relecse and sole; i
et s sise I pplienitad,
4
2 =
-

Reproduced by the
CLEARINGHOUSE
for Federal Scienhfic & Techmicat
Information Springfeid Va 22151

T e gy

ST e . oY s AR Rt et S =



TS aa g

T —_—

o ..':!": RS IV r! H

U, S. Naval Ammunition Depot
Crane, Indiana ;7522

RDTR No, 105
January 1968

VOLUME II OF II

25 MILLION CANDLE CAST FLARE,
DIAMETER AND BINDER STUDY
(Summary Report June 66 to June 67)

BERNARD E, DOUDA

Prepared under MIPR PG-6-58 for
the Illuminstion Branch, Targets
and Scorers Division, Air Force
Armament Lsboratory, Eglin Air
Force Base, Florida

This report was reviewed for adequacy and technical
accuracy by Mr, W, S. Cronk, Mr, Larry Moran, and
Captain Gene Holder, Eglin Air Force Base and Mr,
Clarence Gilliam, NAD Crane,

Submitted by:

% S A
B. H, CALKINS, Director
Research and Development Department




PABLE OF CONTENTS FOR VOLUME I
ABSTRACT . & v v v v e e e e e e e e e
INTRODUCGTION . . v v v v 4 e e e e e v .

PART I
25 MILLION CANDLE FLARE., . . . . . . . . .

Purpose. . . . . . . . . .
Chronoiogical Approach . .
Experimental ., . . . . . .
Discussion . . . . . . . . .« . .
Conclusion . . . . . . . . . . . ..

¢ o . »
.

PART 1II
DIAMETER STUDIES . . . . . . . . . . . ..

Purpose. . . e e e s e e s .
Chronological Approach e e e e e e s
Experimental , . e v e e e e e .
Discussion . . . . . . . . . « « . .
Conclusions., . . . . ¢« ¢« v v « o o «

PART III
BINDER STUDIES ., . . . . . . . ¢« ¢« v « « &

Purpose. . . . . . . . . .

Approach . .

Experimental . . e e e o e e
Ordnance Ressarch Inc Compogition .
Thiokol C..amical Corp. Composition

PART IV
FLAME ORIENTATION AND FLAME SIZE EFFECTS .

Purpose. . . . . ¢ e e e e e e e e e
Approach ., . . . . . . . . o o .. .
Discussion , . .
Experimental Uncertainties
Conclusions, . . . . . . . . . .

ACKNOWLEDGEMENTS
REFERENCES . . . . . . « « v « o« « v « &

Page

11

. 11
. 18

. 19
. 19

19

. 22

~

s &

3h

T et O < Ap . T TR

4




AN vEeAy

L

ABSTRACT.

INTRODUC

APPENDICES e« o e

II
IiI
Iv
v
VI
VIT
VIII
IX

TABLE OF CONTENTS FOR VOLUME II

TION, ., .

Flare Fabrication Process .
Star Configuration Computations
Computer Printeout of Test Data .
Diameter Study, Pressed, . .,
Diameter Study, Cast .

Diameter Study Graphs.

Effective Brightness Cufvé s Pressed :

Effective Brightness Curves, Cast.
Polar Plots of Light Distribution,

iid




14 HECRORTRSEEIN IS,

s,

LIST CF FIGURES

Figure IN VOLUME I Pare
1. Sketch of single-star-cavity candle, . . . . . 8
2. View of suspended cgandle . . . . .. . . . . . 9
3. End view of suspended candle . . . . . « . . 10
i, Plot plan of photocells, . 12
5. Luminous intensity vs comp031tion consumntion 16
6. Projected surface area vs luminous intensity ., 17
7. Matrix of pressed candle series. . . . . . . . 23
8. Matrix of cast and hybrid series . . . . . . . 2L
9. Luwninous efficiency vs candle dlameter . . . . 26

10, Effective brightness curves, . . . . . . . . . 55
il. Effective brightness curves. . . . . . . . . . 56
12, Effective brightness curves. . . . . . . . . . 59
13, Effective brightness curves. . , .. 61
1)y, Projected surface area vs candle diameter .. 63
15. Luminous intensity by vhotocell, ., . . . . . . 68
16. Luminous intensity by photocell. e e e e . .. 69

IN VOLUME II
17 thru 22. Diameter study grephs. . . . . . . .68-73
23 tahru 28, Effective brightness curves. . . . .75- 80
29 thru 33. Effective brightness curvses, ., . . 82 8é
3l thru 37. Polar Plots of light distribution. . 09-92
LIST OF TABLES
Table IN VOLUME I Page
I 16" Diameter Single Star Flare , . . . . . . . 13

II 16" Diameter Double Star Flare . ., . . . . . . 1
III MK 2 Size Cast Candle ., . . . . . . . . . . . &

iv

e, e




ABSTRACT

The feasibility of meking an illuminating candle
which produces a luminous intensity of 25 million
candles 1s dsmonstrated. The goal is achleved by
igniting all surfaces of a star shaped cavity which is
formed through the center of the candle. Two hor-
zontally opposed flames are generated by this candle,

The relationship between candle diameter and
the ability of that candle to generate light efficiently
is reported. This study includes data for both pressed
and cast candles and shows the effect of different
binder types. A genseral degradation of efficiency is
observed as the cast candle diameter increases from lj
inches to 2l inches, The pressed candle series shows a
maximum near the li inch dlameter with degradation to
elther slde.

Silicone, epoxy-polyglycol, polyester, polysulfide,
and various combinations of these binders are described
as they are used to make candles for the diameter study
and the 25 million candle flare, A study of flare
compositions consisting of magnesium and sodium perch-
lorate, the latter being partially dissolved in various
methacrylate monomers is reported, A limited environ-
mental program for a l..5 inch diameter candle cast in
an aluminum candle case and the development of a liner

system for that candle 1s described, A polyester-epoxy
1
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binder 1s used successfully to make a cast candle
whose luminous efficiency is comparable to a candle
made by the conventional pressed method.

Flame orlentation and flame size effects are
described, Contrary to conmon opinion, it 1s shown
that a small flame size rather than a lsrge flame from
a given candle diemeter is associated with candles
which producs light with high efficiency. The binder is
shown to be a major factor in the generation of various

flame sizes and thus strongly influences the candle

efficiency.
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INTRCDUCTION

This exploratory development program was con-
ducted between June 1966 end June 1967 for the Air
Force Armament Laboretory, Eglin Air Force Base,
Florida, under MIPR-PG-6-583. The main objectives
of the program were twofold. One goal was to demon-
strate the feasibility of making an illuminating candle
which has a luminous intensity of 25 million ca&dles.
This is a five-fold increase over the intensity de-
livered by the BRITEYE candls., The second goal was to
conduct a study of the relatlionships bztween the diameter
of a candle and the efficieucy of light production from.
thet candle, Both goals were attained during the con-
tract period,

To assist the reader, the report 1is divided into
four parts., Part I deals with the 25 million candle
flare, Part II with the diameter studies, Part III with
binder studiss, and Part IV with flame orientation and
flame size effects, Although the report 1s divided for
convenlence, it is noteworthy that all phases of this
work are interrelated; that 1s, information generated

in any one part is also utilized in the other phases in
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an effort to extract the maximum amount of date from a
minimum amount of work and hardware expenditure, With
these remarks, the reader 1ls encouraged to view this
work as an integraited program instead of four distinct
tasks,

The report is bound in two volumes, The maln body
of the report is in Volume I. The Appendices are in
Volume II. A Table of Contents, Abstract, snd Intro-
duction for the entire report has been inserted st the

beginning of each volume for convenience.
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APPENDIX X
FIARE FABRICATION PROCESS

Magnesium and sodium nitrate have been used extensively for
making i11luminating flare crmpositions. Their gramilar size is
often varied to cause charges in the burning rate of the composi-
tion. Also, the ratio of these ingredients causes changes in
the burning rate as well as the efficiency (cd-sec/g). A third
ingredient 1s normally added to the system. That ingredient,
the binder, is normally a plastic in monomeric form which later
can be'polymerizeh te bond the composition to itself and to its
container. In compositions prepared for casting, the binder
content normally ranges from 9 - 15% by weight.

Generally, in preparing the composition, the binder and
magnesium are preblended in a mixer. This preblending process
desensitizes the magnesium, reduces the dust hazard, and in-
hibits surface oxidation of the magnezium particles. The sodium
nitrate is later added to the preblend. This mass is then mixed
until a homogeneous blend is obtained. When the binder content
is about 12%, the composition has physical properties analogous
to freshly ground hzmburger. The material doesn’t flow nor seek

its own level. It can be molded, formed, and packed -under mild

pressurs,

The general procedure for making a candle consists of tamping
the composition in place under pressure of about 50 - 60 psi. The
star cavity is formed by means of a mold which is later removed.

After polymerization of the binder system, the composition is
5
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rigid and strong. The composition must alsoc adhere in soms man-
ner to the flare container. This is necessary tc¢ prevent pre-
mature burning in the composition-case interface. A good bond
between these two surfaces can be achieved by various techniques.
One technique is to bond the composition dir.ctly to the case.
Another is to introduce a liner between the case and the composi-
tion. That liner is bonded to both the case and the composition.
The case bond must usuaily be able to withstand severe changes of
temperature such as -65°F to +160°F and be sufficiently strong to
withstand the normal safety and durabiliby tests. Accordingly,

the bond system must be devsloped in conjunction with the candle

hardware.
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APPENDIX II
STAR CONFIGURATION COMPUTATIONS

by Ralph Chipman

The configuration of an internal burning cavity was investi-
gated. Tne problem was to determine tne configuration of a star
shaped cavity put in the center of a 16 inch flare that would
1 produce a constant burning as the flare burned internally from

the center oabward. Since the burning surface is the product

of the length of Fhe flare and the perimeter of the cross sec-

F { tion of the burning area, the problem reduces to obtaining a

. configuration that produces a constant cavity perimeter during

- burning. Eguations to compute the perimeter were developed as-
suming the burning rate perpendicular to the burning surface was

. constant in all directions. Using these equations, a computer
program was written o compute perineter versus linear displace-
ment of the burning surface for various shaped stars. Since
five inches of linear burning was desired, the diameter of the

star was fixed at six inches.

LA S (i

Although the goal of constant perimeter was not achieved,

| the best recdlts cams from a six-pointed star with the dimensions

i i shown in Figure 1. Figure 2 shows a cross section of the theoreti-
cal burning surface at various burning distances for this con-
figuration and a graph of the perimeter versus diameter is shown

in Figure 3. As can be seen from the graph, the perimeter is

nearly constant for the first two inches of burning and then

i,
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Figure 2-Cross Seotion of Theoretioal Burning Surface at Var-
ious Burning Distances for Best Configuration.
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approaches a gtraight line with a positive slope. The clops of
this 1ine, which is the graph one would obtain if the star shaped
cavity wers replaced by a cylindrical hole, is equal to pi.

Other shaped stars that were tried include various shaped
four-, five-, and eight-pointed stars and six-pointed star with

other combinations of star point widths and sizes of angle between

the sides of the polnts. In all of the other cases of four-, five-,

and six-pointed stars, the graph of perimetsr versus diameter came

closer to the line reprerenting the case of the cylindrical hole.
For the eight-pointed star, the psrimeter first decreased to a

minimum and then increased. The graph of a typical case of a

few of these combinations are shown in Figure L.

11
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Configurations.
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Methematical Derivation of Perimeter Equations

The following is the derivation o the equations for the peri-
moter of a burning star cavity assuming the burning rate perpen-
dicular to the burning surface is constant in all directions. The
final equations of the derivation are listed on page 151 of

(1)

®"So0lid Propellant Rockets". However, tnere is &n error in the

equation for initiel perimeter given there.

Let N equal the number of star points. The star is then
ocompletely defined by the radius, R, and the angles A, B, end C.
Sea Figure.5. Tha.value of C is found by the expression

297

C= —emm

N

and B is determined by the width of the end of the star points.
A is free to vary over a range of values. The initial perimeter,
Po. is equal to (see Figure 5)

Po= 2N (atX). (1)
The value of a is given by

e = R (C-B). (2)
From the law of sines we have

X . R
sin B sin (1,-4)
By substituting sin A = sin (“TT-A), we get

X R
sin B sin A

and solving for X we obtain

R sin B
X = sin A . (3)

13
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by substituting Eq (2) and Eq (3) in Eq (1) we get

= 2 sin B
Py NR( C-B+ ) (4)

1at W equai the linear displacement of the burning surface from

its originel pesitien, To find the perimeter during burning, two
cases must be considered. One case is the period that the straight
sides of the star points exist and the other is the period afier
the straight sides disappesar. let W' be the value of W at the
point where the straight sides of the star points first disappear.

=XtanA=RSIB 4gn 5 -p sin B

sin A cos A
Case 1
5133335, straight sides of star points exist.
508

From Figure 5 we see that for this case the perimeter is

P=2N(b+s+y). (5)
The value of b is

b = (R+W) (C-B) = R(C-B) + W(C-B) (8)
and s=W(T{/2-A+B). (7)
Since y=X-2ZemrdZ=WgcotA

We have by substitution

sin B
= R="— - W oot A, (8
V= sina )
By substituting Bq. 6, 7, and 8 in Eq. 5 and simplifying we obtain

sin B

P = 2NR (C-B +zq7x) + 2 (7[/2 + C - A - oot A)
or P=p°+2w(7T/2+c-A-ootA) (9)
16




Case 2

R sin B
_——

>
" cos A

after straight sides of star points disappsar,

The perimeter for the sscond case in Figure 5 is

P=2N (b +s') (10)
where the value of b' is

b' = (R+) (C-B) = R(C-B) + w(C-B). (11)

From the law of sines we have

R i :

=

sin B sin !
therefore’
. R sin B
B — — .
sin a
and E = sin~t Rsin B .
W

Since s' = WD and D = B+E
we have s' = W(B + sin~t R_s_w_i_n___B ) (12)

By substituting Eq. 11 and Eq. 12 in Eq. 10 and simplifying, we

get

]

P = ZNLR (c-B) + W (c+sin‘1 5-5‘%’-’-—’31-)-' (13)

Equations 4, 2 and 13 are the necessary equations for finding

the perimeter in all casss.
Reference

(1) Huggett, Bartley and Mills, "Solid Propellant Rockets",
Princeton University Press., Princeton, New Jersey, 1960,

17
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APPENDIX ITT

COMPUTER FRINTOUT OF TEST DATA

This appendix contains the computer printout of the test data
for MAPI flares 300, 3L2, 343, 394, L26, Lh27, L63. L6k, and 556.

For each of the tegt flares, the printout presents the data
in both numerical and graphical forms. In the numerical printouts
various values ars tabulated against instantaneous time during
the burning period. The second column is the averags luminous
intensity of the @igh 29 photocells. The third column is the
integrated candle-seconds from time rero. The fourth column is
the running mean luminous intensity in units of candles taken
from time zerc. The fifth column is the running mean lumincus
intensity taken from time ten seconds. The sixth column is the
standard deviation of the high 29 photocells and the seventh
column is a uniformity factor which is defined as the high 29
average photocell reading minus the low 29 average photccell read-
ing divided by the average photocell reading of all cells where
the average is equal to the high average plus the low avsrage
divided by two. Thus, the uniformity factor can range from zero
to 2.0 and i3 a measure of the uniformity of the light distributed
in a spherical pattern. For example, when tiie light is perfectly
distributed, the uniformity factor is zero. Thus, the closer
this number is to zero the more uniform is the light distribution.

One graph shows the photocell intensity data pleotted as s
function of time. In that graphical presentation the photocells

18
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are not sorted. Each photocell is plotted against time to show

the variation of intensity un that photocell. These plots fre-

quently overlap because the cell may be high at one instant in
l time whereas it may be low at another instant in time depending

upon smoke conditions and other factors. In contrast to this,

another graphical presentation is prescnted wherein the phctocell

data is sorted and plotted against time. In that presentation,

the uppermost plot, for example, is the plot of the highest read-

ing vs.time regardless of which cell is sensing this value. The

second highest plot is a graph of the second highest reading vs.

F_ time regardless of which cell is sensing that value, etc. In
this presentation, the plots do not overlap.

. Another graph is presented which is a plot of intensity

{ against time of the high 29, the low 29, and the average of all

A 58 cells. Since more than 56 cells are never used and often

) times less than 56 cells are used, the average of the low 29 is

biased in the low direction by the number of cells which are not

in use. The cells not in use are read by the computer as having

an intensity of zero. On the other hand, the high 29 which are

selected by the computer are representative of the intensity of

i the unit in the direction which is the most free from smoke and
other light interferences. The plot of the average candlepower
of all of the photocells is also biased in the low direction de-

pending once again upon the number of cells that are not in use.

19




Another graph is presented which shows the integral candle-
saconds against time. The linearity of this plet is a measure
of the constancy of light output.

Another presentation is a plot of average luminous Intersity
against time starting with instantaneous time 2ero and time ten
seconds. Graphical presentations are also included to show the
standard deviation of the luminous intensity of the high 29 and

low 29 photocells and to show the uniformity factor versus time.

20
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cs.6¢ 1.4¢ 744,87 10,65 10,55 0.3¢ 1.07
.94 0.88 745.39 10.%50 10,37 0.1¢ 1.08
71,01 0.30 745,62 10.34 10.19 o0.07 1.08
72.0% 0.12 745,69 10.19 10,02 0.03 1.02
73.16¢ 0.01 745,70 10.04 9.88 0.03 2.00
72.24 0.00 745,70 9.90 9.69 0.00 2.00
75,32 0.00 745.70 $.76 9.53 0.01 2.00
76,39 o. 745.70 .63 9.37 0. 0.
r7.47 0. o, 0. 0. 0. 0.
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ua?l  FLARES RUN 342

IMSTAMTANEOUS TIME, AVERAGE OF WICH B9 PHOTOCELLS, INTZGORATED LANDLEPOWER
- SECONES FRON TIME 2ER0, RUNHING MEAN CANDLEPCWER FRCM TIiNE 2ERO.

RUNNING HEAN CANSLEFOWER FRCM TIME 10, STANDARD GEVIATION OF hiGu

9 FHOTOCFLLS,UNIFORMITY FACTOR

Tine HitH 79  CF-SEC AVG TP AYC CF $1Z OEY v
13€C) ANG o st¢ 19 s€<
0. LN 0.se 0.3 o, 0.52 2 co
1.09 .6 €.z 2.1 G. 1.2¢ HR-Y]
2.1 1.2 11.129 3.8 0. 0.5¢ a.6r
1.2 a4 26.34 4,66 a. 0.4C 0.32
a.32 19,29 33.60 6.17 0. 1.21 G.4G
S.46 13.60 4r.38 12y o. 2.90 0.80
£.35 11,60 61.57 a.ce o 1.9 c.52
1.64 1a.2n 19.3¢ 5.69 o. 2.18 0.%C
8,73 e 29,30 10.0¢ s. 1.82 0.%€
9.82 17.96 139, 10.82 5. 2.1 0.66
13.92 16.9¢ $32.3) 11.44 1n.03 1.82 0.69
12.018 19,02 259,38 12.1€ LYY 2.11 C.€69
1y.11 20.5a 201,38 12,22 19.2: 2.46 n.68
22.20 20.04¢ 203.58 13.3¢ 29,428 3.22 9,2
15.30 20.51 226.39 13.83 19.16 2.29 9.62
1€.39 29.2% 249.08 1e.22 13,92 2.€3 0.69
17.29 20.23 279,93 14.88 a9y 2.42 .70
In.5s 19017 29z.7% 14,45 19.31 3. 9.01
19.68 10.24 N2 28,66 23 e 2.n u.r3
20,17 15.28 a32.8% se.23 13.%7 2.16 S.m
2:.46 17,88 38132 12,30 14.3¢ z.%0 0.6
22.9¢ 16.12 369.26 1838 19.:2 2.2 0.1
z4.08 16.10 366.%6¢ 15.28 15,58 2.82 3,88
zs.18 16.93 453,93 15.49 18.68 BT v.13
26.24 16,78 220,39 18,08 18.¢¢ Gs v.en
. 27.%3 14.5¢ 236 .48 12,18 1a.2 1.8 LY
28.23 15.9% 452,14 8.\ 17.99 2.06 nee
29.52 32.€9 &0 78 15031 17,30 1.06 L83
39.62 14,53 484,29 18.22 17,61 1.0 9.54
31.73 14.00 299,84 18.2¢ 17.4a 1.07 0.%9
*2.80 14,560 $15.6) 15.22 17.31 1.6¢ 0.%9
- 33.an 13.8¢ a3t 1y 15.19 1.7 1.€9 0.8
24.98 14.52 54€.:¢7 18.14 2.0 2.2% 0,64
35,07 12 a4 fg1.0e 13,52 *5.8¢ 1.7 0.%2
27,22 12.79 LYY 14,04 16,58 5.1 c.4)
3s.27 12.00 LYY re.a98 16,83 1.07 9.6
39.3¢ 12.82 0N 14 10,48 1€.13 1,45 G.19
an.4€ 5.56 631,54 14 12 te.1n n.8% 0.44
41.95 3,38 €22.1¢2 ta.8a 15,24 114 LY
42.64 a,80 €32.1? 14,87 15.€9 0.92 0,82
A3.18% a.ne 643 96 18,32 15.51 c.es 5,42
ta.81 10,12 654,94 18,27 18,92 U, 14 0.44
43.51 2.18 663.6° 14.14 18,12 0.Aa% 0.49
; 47.00 8.30 €128 14,00 14,92 Tt 0.47
¥ 43.10 7.59  €80.92 13,88 14.1¢ 1.04 G.€4
3 49.19 €.3¢ sa7.6¢ 13.867 14.¢7 n.4: 0.19
' 50.29 $.94 693,74 13.40 11.23 v.ag 0,81
TTRRY) ..23 624.81 $3.32 13.97 v.60 0.%¢
52 47 1,50 02.41 1311 13,10 0.4¢ T
$3.57 2.%6 108,19 12,89 13.41 0.8 0.5
. 54,66 1.9 106.54 .2.67 13.12 .19 0.40
. 8.7t 1.9 167,64 12.43 12,64 0.3¢ o.6e
L b s6.9¢ 0.61 rza,0 12.22 12 8% 6.13 ¢
3 51.94 0.1a 198,28 1.5 12.00 0.03 1.29
X €0.10 0.0? ror.29 1.48 11,74 0.3 2.5
3 61 19 v.01 162.39 11.37 11.¢9 c.01 2.00
3 62 ?n 0.01 F08 32 11,18 11,28 0.03 2.00
3 63.33 0.02 768,34 10.99 11.02 0.03 2.u0
66,47 n.02 700.3% 10.80 10. 80 c.o? 2 06
€5.9¢ 0.00 0. 0, a. a0 2,50
23
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WAPY  FLANES AUN 343

IMITAKTANEOUS TIME, AVERAGE OF HIGX 29 PHOTCCLLLS, INTESRATED CAMDLEPCWER
SELONDS FRON TINE I£R0, RUMHING KEAN CANDLEPOWER FRCH TIME IERO,

RUNNING MEAN CANOLEPOWER FROM TINL 10, STANDARD OEVIATION OF WIgM

S PHOTOLELLS,UNIFORMITY FACIOR

e

YL

T

R

T

T

T

o et A3 i g, b i ot

e~ s e e

Rit. 4 nisx o9 CP-3EC Ave Cp Ave O S0 OLY v
[£114] AvE 0 st¢ 10 stc

o. 0.09 c.08 0.0s 0. 0.03 1.8¢
2.0 0.03 3.63 1.¢6 0. 0.02 2.00
2.1 6.50 2.89 3.0} 0. .48 0.58
3.%¢ 3.08 16.97 3.8 o, 0.7 0.48
.48 12344 25.93 4.17 o, 1.48 .64
5.44 8.50 3%.90 5.%0 o. 1.32 0.€1
€.93 9.43 46.02 8.13% o, O.08 D.40
r.62 10.68¢ 53.68 688 0. 1.03 D.82
s.70 13.10 73.40 1.90 0, .28 0.84
.78 12.21 88.72 r.93 o. 0.80 [ ¥
10.¢8 12.3» 100.02 8.37 12,28 1.0y 0.3¢
131.95 12.13 112.28 8.49 12.23 1.74 c.r3
13.04 12.2¢ 126,33 3.93 12.18 0.91 0.87
14.12 1t.r2 139.19 .18 12.07 c.79 0.47
13.23 11,02 152,88 .31 11.9%8 0.82 o0.5¢
16.2% 11.23 184.30 9.43 11.91 1.2% c.8:
17.38 12,12 177,42 S.61 11.93 .88 0.52
18.47 12.02 190.12 7.73 13,93 0.3 0.38
19.55 21.42 202.70 2.22 11.48 Q.13 0.53%
2G.64 11.683 21%.22 Q.91 11,83 8.7 g.44
S3.73 31.42 ez7.02 %.%9 11.82 0.0 O.4p
22.0¢ 11,98 2¢40.20 10.08 12.73 1.2) 0.87
23.%¢ 30.7¢ 2%2.02 10.G¢ §:.73 [P 4] 0.498
24.990 10,57 273,30 10.24 11,97 1.c0 0.38
27.18 10.42 286.02 10.1% 1.94 arny 0.4
28.23 10,75 298.3¢ 10.37 s%.48 1.42 .92
29.34 10.3¢ Jin.2? 10.20 $2.43 o.1v c.4q2
30.43 13.4% 322.28 10.22 13.40 31.08 .52
31.32 10,39 333.78 16.24 $1.38 G.10 0.%9
32.¢3 10,53 348.02 19.3¢ 33,3 $.29 0.2
3x.70 310.12 r28.43 10.2¢ 13.08 2.9 C.3>
lz. 29 10.94 368,12 10.28 11.23 1.23 G.%9
13.88 10.46 373.1¢ 16.2¢ 21,20 1.0% c.5¢
38.9¢ .81 389.82 10,24 11,18 1.99 C.84
38,95 ?.02 400.67 10.24 1310 G.70 9.53
3.4 10,19 411,69 :9.24 :1.0¢ 3.3¢ D.s¢
40.2¢2 10,34 £21.72 10.21 11.60 0.8¢ 0.¢€0
a1.34 8.3 431.82 0.8 50,94 .28 0.¢3
42.40 ,.94 423,02 10.17 10.27 0.483 0.52
44,88 .60 463,08 19.36 10,84 G.%¢ 0.57
45.¢3 s.8% 174.32 M0.18 10.30 1.32 0.53
44.73 9.49 ane, 18 10.33 10.76 n.99 D.53
47,04 3.08 493.¢3 10.30 10,14 .80 .48
49.29 .78 503.38 10.07 10,68 0.37 0.43
49.98 8.8 31).08 10.08 10,61 1.18 0.55
33.08 9.30 see.er 10.03 10,87 0.7t G.43
$2.14 .17 $32.5¢ 10.00 10.52 0.9¢ c.4r
.22 .42 861.¢4 9.87 10.47 C.ay 0.52
94.30 8.%0 $33.00 9.9¢ 10,43 0.¢8 0.40
$5.39 s.80 $59.¢n $.92 10.32 0.44 0.48
36.27 .78 s€a.27 s.82 10.31 c.%8 o.:
87.85 r.%) se.72 9.84 10.26 .88 C.29
R84 8.0r s83.43 s.80 310.21 0.48 C.44
s8e.72 6.04 $94.01 2.1 10.3¢ 0.82 .48
€0.%0 r.a4 802 33 .7 10.13 0.44 5.490
61.88 r.et 610.87 8.70 10.08 0.65 c.37
$2.9¢ .13 619.2¢ .67 10,91 3.3 o.42
€4.04 7.34 626.83 .8 9.98 1.0¢ 0.4¢
$%.32 6.46 834.5¢ 9.%8 9.90 0,42 0.46
66.21 7.¢0 es2.27 9.54 9,88 -1 G.43
6r.29 ¢.¢3 €49.24 .50 .72 0.79 0.57
8s.37 6.24 £56.30 9.48 9.72 .44 0.42
89.493 6,81 662.170 9.40 5.6% 0.6a 0.%8
10.83 s$.o02 6er.ag 9.33 9.37 0.41 0.36
?1.62 4,49 er2.29 9.25 9.47 .33 0.60
re.10 3.78 475.80 9.1¢ 9.3¢ 0.38 0.60
r3.78 2.12 6€78.4c 9.08 9.24 0.28 C.e¢
re.87 2.08 €038 a.9¢ 9.12 0.18 0.50
75.9% 1.58 691.74 8.88 a.a0 0.13 0.64
mn.os 1.00 enr.68 6,74 6.86 0.1% o0.6r
18.12 0.69 643,43 n. 63 a.7y 0,12 5.8
79.20 0.79 684,02 8.%2 a.60 0.27 0.80
00.29 0,34 684,29 8.4y .48 0.04 6.90
83.37 0.1% #8¢.42 8.50 8.38 0.08 1.52
82.4% 0.10 €24.50 8.19 a.23 0,04 1.%¢
es3.s5s 0.0% 884,94 8.09 a.11 0.03 1.99
a4,82 0.01 804,54 7.99 1.99 0.02 2.00
83.71 c.00 804.95 T7.09 T.87 0,00 2.00
66.79 0. 604,35 1.79 r.7¢ 0. 0.
er.87 0.00 €84.58 r.10 7.68 0.01 2.00
83,93 0.00 604,58 r.60 r.3%3 0.00 2.60
40.03 0.00 684,52 7.5 r.43 0.0 ?2.00
.11 0.04 0. G. 0. .04 t ao

25
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RAPL  FLARES RUN"3I34

TASTAXTANEQUS TIME, AVERAGE of MICH 29 fHOTOCELLS, INTEGRATED CANDLEPOVER
SECONDS FROM TINE 2ERO, RUMNING MEAN CANDLEPGVER FRONX TIXE 2230,

RUNNING MEAN CAMDLEPOUER FROM TINE 10, STANDARD OLYIATION OF L4

23 FMOTOCELLs.UNl?OlMItY FACIOR

T

=y

LA

Likgise

DATe)

P

T

{kiv L g aa i

T

T A NN R 250 e M 20t

T T P iy

nne HI6H 29  cr-sec AVYE SP ave Cp 31D oEY u
(SEC) AYL 0 st¢ 10 s£¢
o, .40 3.83 3.5 c. c.0t 2,00
1.0¢ 7.03 14,24 [ 3%3. 0. 1.23 0,8
Z.1e 12,08 30,22 9.27 0. 1.68 0.83
3.2¢ 17,38 49.82 1,47 0. 2.48 G.er
€.34 18,54 10.23 12.89 e, 2.62 G.58
S.48 18,49 91.18 13,90 a. 2.92 0.¢0
€.5¢ 19.10 112.84 14,70 0. 2.79 0,58
r.ep 19.76 134.49 18,30 a, 2.88 [ 3% ¥4
8,79 19.11 129,03 15,74 0. 2.55 0.58
9.90 15.2% 178,71 18.06 o, 2.13 a.57
11.00 18,70 192.72 18.32 18.94 2.718 0.5%4
12.11 19.¢ 218.20 16,83 18,74 2.7¢ 0.%6¢
13222 17,87 238.¢9 16.63 18,61 2.68 0.%¢
14.33 18.83 259.37 18,78 18.5¢ 2.98 0.80
15,43 17.95 2719.42 16.87 18.46 2.19 0.%9
16,57 18,25 299.3¢ 38.94 18,23 3.48 0.82
1r.87 17,17 318,63 16.96 18,23 19 0.%8
18.79 1€.87 33r.62 16.97 18.10 2.9¢ D.9%9
19.90 17,41 35€.68 18,97 i1r.98 2.98 o.s¢
21.01 16,64 375.54 16,97 17,87 3.04 .5
22.13 17,24 334.40 16.97 17.73 3.% 0.%7
23.24 16.66 £12.20 16.93 17.64 3.40 .56
24.38 15.29 429.0% 16,64 17,44 2.67 0.5%
25.47 14,81 445,538 16.7¢ 17.2% 2.43 0.52
26.59 14,74 431,79 16.67 17.06 2.79 .53
2r.71 14,28 477.31 16,56 16,88 2.83 0.54
28.83 13.40 492.17 16.43 18.¢5 2 %2 Q.53
29.95% 13.08 $06.42 18.30 16,43 2.56 3,96
31.0. 12,37 519.49 16,34 36.18 2.ar 0,55
32.19 10.93 531.67 15.98 13.91 1.82 0,88
33.32 10.73 543.21 15.78 15,62 1.914 0.51
34,33 10,08 854,12 15.39 15.3¢ 2.m 0.%4
35,54 9.58 564.31 15,49 15,11 2.94 0.38
36,65 8.74 $73.%¢ 15.19 4,83 1.10 0.3%¢
37,77 7.89 532.0) 14.97 14,54 1.34 0.82
38.38 1.32 $89.71 14,75 14,25 1.26¢ 0,%
39.99 G.47 396.09 $4.50 13,93 1.32 0.6
41,11 4.93 601,1% 14.24 13.60 .17 0.5%
42,22 4,13 605,18 13.97 13.2¢ .48 0,34
43.33 3.14 600,14 13.69 12.91 0.34 0,56
44,43 2.22 €10.29 13.40 12.3%6 0.22 (%}
45,53 1.69 611.82 13,12 12.23 .39 0,54
46,64 1.06 632,78 12.83 t1.8r .14 0.82
41,713 0.63 613,23 12.55 11,53 0.99 9,350
48,05 0.2 633,45 12,28 11.21 0.08 0.8
49.96 0.03 813,53 12.01 19.90 0.0) 2,20
$1.06 0,13 61).59 11,76 10,63 0.03 1.08
52.17 0.91 613,69 11.52 10,34 0.02 2.00
83,27 0.0n 613,82 11.28 10.07 0.00 £.00
54,38 0.05 €13.63 1).08 9.82 0.0% 1.99
85,50 0.0¢ 613,66 10,84 9.38 0.02 2.00
56.60 0,01 613,68 10,63 9.38 0.02 2.00
Sr.rs 0.0% o. 0. 0. 0.02 2.00
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MAP] FLARES RUN 428

INSTANTANEOUS TIKRE, AVERAGE OF “lGA 29 PAOTOCTLLS, INTEGRATED CANDLEPOWER
STCONDS FROM TIME 2LRO, RUNNING HEAN CANDLEPOWER FROM TIHE 2£P0,

RUNNTMG MEAN CANDLEFQRER FROM I1VE 20. STANTARD CEVIATION CF MICM

29 PHOTOCELLS,UNICORMLTY FACTOR

TIng HiCH 29 CR-sEC AVG CP AYC CF $10 CEv U
(3EQ) AvG o SEC 13 SEC
0. ¢.90 3. 78 3.68 2. 0.06 .00
1.%4 r.22 7.3 .20 9. 3.93% 1.2¢
2.09 1,19 Ja.n 12.37 a. 2.32 G.83
3.3 22.0% 64,04 15.34 0. 4.5 0.57
4.17 26.1¢ Qz.€2 17.74 a. 5.50 G.53
.22 28,535 t22.88 19.52 c. 6.37 0.%3
£.26 2e.23 151.339 20.79 0. 6.12 1.63
r.3¢ 26,54 102.48 21.8¢ a. 4.99 0.53
8.38 3G.1r 2:3.75 22.18 S. $.83 o 5%
9.3 23.9 244.36 23.44 G. .92 n.25
30,43 29.11 27%.22 24.02 23.31 $.30 2.2
11.4 2C.51 307.95 24.57 3p.27 4.33 0.45
12.50 30,36 337.17 25.09 3c.ae .95 [
313.22 29 12 367.89 25%.32 3n,.e: 4.23 Q.48
12,5} 23.371 33a.43 25.62 30.07 4.09 0.48
15.5% 30.46 439.17 25.94 20.18 4.64 5.4€
16.58 20,37 461.53 2€.2¢C IG.21 4.3) c.47
17.62 29.34 2431.59 26.37 3G.L3 3.4 G.46
13.64 2a.62 s23.7% 26.%2 .0 3.8 0.43
29.67 30.16 £51.76 °6.6C 22.94 2.77 J.31
20.70 22.49 $30.78 26.74 29.78 3.47 0,41
2%.72 27.96 608,935 26.7€¢ 29.57 .54 D.44
22.71¢ 2¢6.54 636.52 2¢.76 29.38 3.9} 1,348
253.19 2€6.8¢ €64.66 26.717 22.19 .24 G.38
24.3?7 27.50 692.53 2¢.78 23.64 3. 0.42
2%.26 26.39 713.58 26.76 28.0€ 2.4 L. 26
2€.39 25.91 r46.17 26.72 23.64 2.56 €.40
2r.32 25.79 r72.29 26.638 26.51 2.56 5.3¢
28.%94 es.22 T37.34 2€.€1 23,33 2.45 G.38
29.97 23.35 9231.14 26.% e0.5% .44 0.33
20.99 22.72 8&4,.90 TE. 87 er R .70 G.34
32.91 21.89 a65.37 26.19 ar.45% 1.27 0.33
3d.0% 19.3% SR3.40 25.92 27.02 1.36 9.2¢
34.08 15.61 897.: 28,58 26.45 1.67 G.37
3%.11 10.97 305.7¢% 25.66 25.72 1.46 0.42
36.14 5.87 9190.33 24.50 24.91 0.55 0.4%
37.1¢ 3.04 912.7% 22.9: 24.00 0.32 G.ar
32,18 1.74 9314.00 PP 23.28 D.:¢ 0,03
39.139 .98 914.67 22.1% 22.51 G.09 G.57
40.21 ¢.28 914.86 22.19 21.77 G.2¢ 0.2
41.22 0,10 G. 0. c. 0.G¢ 1.27

29
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WAPY FLARES RUN 420
INSTANTANEQUS TINE, AVERASE OF HIGH 28 PHOTOCELLS, INTECRATED CANDLEFOWER
. SECONDS FROM TIME 2EROQ, RUNNING NEAN CANDLEPCWER FROM TIME ZERO.
RUNNING MEAR CAMDLEPOWER FROM TIWE 10, STANDARD OEVIATION CF HICH
29 FHOTOCELLS UNIFORMITY FACTOR
' 121 4 HICH 29 CP=SEC AYC CP  AVC CP SID CEV u
! (SECY AvG e SEC 1D $E2
‘ 0. v.00 0.02 0.62 0. 9.c3 2.00
' 1.07 c.0) 4,13 .22 e. 0.03 2.00
z.13 8.28 $6.90 s.22 0. 4.41 2.00
3.20 14.03 33.0¢ 1.7 9. 1.9€ 0.%2
4.2¢ 16,24 81.82 3.69 o. 2,18 0.45%
$.33 18.69 12.74 11.37 o, 3.20 G.56
6.40 20.73 S4.86 12.72 0. 4.17 G.57
7.33 £1.15 tid.03 15.73 9. 4.93 g.6¢
8.31 20.87 130.58 14.%3 6. 4.26 .61
5.87 22.% 162.61 15.32 o. 3.981 .89
10.63 21.38 185.97 15.92 21.92 4.24 C.%6
11.68 oc.48 209.:3 16.43 21.91 4.83 G.60
12.74 21.32 231.94 16.8% 21.13 3. .40 0.8¢
15.80 21.73 2%4.56 17,33 21.69 2.22 0.%3
14.98 26.9¢ 275.9% 17.40 21.%¢ 2.46 5.52
1%.92 21.19 299.30 17.€3 21.50 2.37 .29
: 16.97 21.19 y23.60 17.8% 21.47 2.38 c.a2
18.02 23.37 344.03 18.0% 21.43 2.41 0.4¢
19.06 21.79 366.3% 38.22 21.47 3.ae 0.52
- 20.13 20.99 388.48 13.87 21.44 2.45 3.42
i 21.18 21.45 410.96 18.%3 21.24 2.46 0.45%
! 22.20 21.37 432.98 18,62 21.40 2.3e 0.4%
23.2% 20.%% 454,30 18.68 21.30 2.2 0.4
24.30 19.6C 474,35 :8.73 2:.26 2.63 9.23
25.38 20.22 496.93 ca.re 21.12 2.02 0.43
26.40 19.98 £16.68 18,82 21.93 2.351 G.42
- 27.45 19.28 £37.1% te.as 20.94 1.59 6.490
ze.50 19.67 557.23 18.85 20.82 1.80 0.36
29.3% 18.5% s7r.28 13.86 20.75 2.03 G.43
30.50 19.61 £92.77 18,82 20.68 2.3¢C G.a4
31.66 19.40 618.18 18.30 20.62 2.13 0.38
4 2.7 19.33 €38.€0 12.91 2).%6 2.1 0.45
" 33.76 19,35 658.24 18.91 20.4a 3.30 G.47
24.82 17.89 €77.09 18,82 29.37 1.92 .42
35.87 17.96 63€.0¢ 18.85 20.2a 2.17 n.43
. ! 36.92 17.96 7:8.17 18,33 20.20 2.29 0.42
g ' 27.98 18.45 733,08 18.81 20.11 FPAL] 5.42
4 19,03 17.39 152,74 18,76 20.60 1.70 0.39
9 49,98 16.36 7€9.31 18.79 19.82 1.24 0,37
N 41.13 16.9% 786.71 16.65 19.77 2.22 0.43
42.19 16.11 8D3.40 18,58 19.64 2.13 0.49
43.24 15.49 819.52 18.50 19.50 1.64 0.4:
44 30 14.68 ad4.74 13.40 19.38 1.49 0.37
4. 14.5%4 849,57 18.31 19.19 1.75 0.43
46 - 13,65 863,44 i8.19 13.92 1.89 0.41
- 4,40 12.62 67%.38 28.04 13.80 2.3% 0.48
: 48.82 9.93 684.83 17.3% 18.5¢ 1.7 9.50
49.%8 7.97 892.23 17.€2 16.23 0.83 0.50
; $0.63 6.04 897.81 17.37 17.99 0.77 0,54
2 . 51.69 4.5 903.75 17.09 17.54 0.66 ©.53
i 52.78 2.93 904.37 16.8¢ 17,17 0.34 0.44
] ; 53,81 2.03 905.98 16,54 16.80 0.24 0,53
12,88 1.00 906.74 16.21 16,42 9.15 0.%9
g f 55.93 0.43 907.0% 18,92 16.0% 0.0% 0.5%9
4 ; $6.99 0.1% 907.38 15.63 15.70 0.95 1.09
3 56,04 0.0¢ 907.18 18,33 15,36 0.03 2.90
- ; 59,10 0.00 907.22 15.09 15,04 0.00 2.00
, 60.14 0.08 907.30 14,83 14.73 0.93 1.97
X ; 61.19 0.07 907.37 14,58 14.43 0.03 1.97
- 3 62.2) 0.07 307,44 14,34 18,14 G.G3 z.99
E , 63.2% 0.0% c. 0. 0. 9.03 2.00
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.38
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.28
£.3%4
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.54
Y. I8
8.
3.97
.ty
12.14
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37.57
1A.>
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T4 33
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o876
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ds. 24
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17.%¢
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tc .o
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wAPY FLARES RUN 484
INSTANTAMIOUS TINC, KYERACE OF WIGH 29 PHOTOCELLS, INTESRAIED CANDLEPOWZR
- WCOMDS FAOR TINE 2ERO, RUMNING MEAN CANZLEPOWER FROX TINE 280,
: RUNNING NTAM CAMGLEPOWER FROM TIME 10, STANDARD DIVIATION GF HICH
: 9 PHOTOCELLS UMIFORNT TY FACTOR
1384 HICN 28  CP-S£C Ave CF AYE CF S0 DSy v
«32¢) Avé 0 SE: 10 3EC
‘ .26 .03 .02 .02 .00 .03 1.65
1.28 .69 .02 .01 .00 .01 2.00
2.3 .20 .02 .01 .00 .00 -.00
3.3¢ .0t 2.9¢ .7 .08 .01 2.90
4.3 s.s1 19.00 1.92 .00 1.3¢ .82
S.44 7.80 14,48 2.98 .00 1.27 .62
$.53 8.25 27.19 3.72 .00 1.43 .62
7.98 8.21 35,89 4,29 .00 1.32 .60
s.62 s.21 As.78 4.7¢ .00 1.31 .€0
s.¢8 8.0 s3.0q 5.33 .0¢ 1.10 .%8
10.74 8.¢8 33.42 5.43 e.87 1.22 .59
11.43 9.06 73.69 5.18 8.9 1.66 .57
12.87 9.2 23.08 6.06 9.13 1.6 .57
13.93 S.72 93,58 6.34 9.3¢ 1.53 .62
14.59 10.23 164.%1 6.51 a.s2 1.52 .62
16.08 10.29 118,25 6.84 2.64 1.38 .2
17,12 10,18 126.61 7.G8 9.75 1.40 .5
18.20 10.61 137.58 r.22 9.a2 1.43 .52
19,26 9.93 148,57 7.39 9.87 1.71 .37
20.33 16,68 169,31 7.57 9.58 1.2 €3
. 21.40 11.33 172.56 7.76 20,12 2.03 .63
: r2.97 11.66 105,26 7.95 16.27 1.69 .57
. 23.9) 32.18 198.39 8.14 10.42 2.19 .59
. 24.80 12.89 211.49 8.32 10.56 2.1 .62
) 25.48 12,12 224.68 &.4a 10.64 .14 .60
- 26.72 12.62 238,47 8.66 10.a3 1.99 .69
‘ 27.79 15.32 252.60 8.23 10.97 2.15 .62
2 . 28.95 13.30 268.84¢ 8.99 11.11 2.p2 .65
i z29.9: 3,98 281,42 9.1% 11.26 1.8 .£2
: ! 30.97 34.29 296.83 R 15,41 2.7 .57
L 32.03 14.43  311.82 9.49 11.35 2.27 .63
| 2 33.08 13,108 33v.3s 3.5% 1.3 2.3C .62
. ‘ 34.13 15,99 343.25% 9.92 21.84 2.82 .70
., 35,18 15.98 359.38 9.92 11.99 2.R3 .69
’ : 36.23 15.49 375,86 10.1% 12.33 2.99 .62
- 4 37.29 15.38 392.41 10.39 12.2 2.89 .83
- i 38.3¢ 16.03 €09.23 10,45 32.40 3.50 e
39.39 15.97 426,214 10.66 12.54 3.34 .69
- 40.4¢ 16.44 443.33 10,73 12.67 2.3¢ .78
] 41.¢32 16.34 160,41 16.89 12.79 2.97 .62
L 42.33 16.29 477,36 11.02 12.99 3.09 .65
€3.57 16.20 494.06 111 12.99 2.92 .66
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APPENDIX IV
DIAMETER STUDY

Summary Sheets for Pressed Candies
and Hybrid Series
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APPENDIX V
DIAMETER STUDY

Summary Sheets for Cast Candles
from 4.25 inch diameter thru 24 inch diameter
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APPENDIX VI
DIAMETER- STUDY GRAPHS

Figure 17: Luminous efficiency vs candle diameter. Shows behavior

for end burning solid cylindricai pressed candles with paper candle

case all burned in vertical position on MAPI site with flame pointed
downsard.

Figure 18: Luminous’efficiency vs candle diameter., Shows behavior
for end burning solid cylmdmcal :cast candles with paper candle

case all burned in vertical position on MAPI site with flame pointed
dowrward,

Figure 19: Luminous efficiency vs candle diameter. Shows degradation
of efficiency for silicdne cast candles as diameter increases.
Nurbers on data points are the candle MAPI test numbers.

Figure 20: Luminous efficiency vs candle diameter. Shows degradation
of efficiency for polysulf;de cast candles as diameter increases.
Nurbers on data points are the candle MAPI test numbers.

Figure 21: Luminous efficiency vs candle diameter. Shows degmdat:.on
of efficiency for polyester cast candles -as diameter increases.
Numbers on data points are the candle MAPI test numbers.

Figure 22 luminous efficiency vs candle diameter. Shows degradation
of efficiency for epoxy cast candles as diameter increases. Numbers
on data points are the candle MAPI test numbers
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CANDLE DIAMETER (inches)
Figure 18: Luminous efficiency vs candle diameter. Shows
bebavior for end burning sulid sylindriocal cast candles with
paper candle oase all burned in vertiocal position on MAPI
site with flame pointed downward.
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CANDLE DIAMETER (inohes)
Figure 19: Luminous effioisnoy vs ocandle diameter. Shows
degradation of effioienocy for siliocone cast oandles as dia-~
meter inoreasss. Numbers on dats points are the candle MAPI
test numbers.
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CANDLE DIAMETER (inches)
Figure 20: Luminous efficiency vs candle diameter. Shows
degradation of efficienoy for polysulfide ocast candles as
diameter inoreases. Numbers on dats points are the candle
MAFI test numbers.
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CANDLE DIAMETER (inches)
Figure 21: Luminous effiocienoy vs candle dismeter. Shows
degradation of effioienoy for polyester oast oandles as
diameter inoreases. Numbers on data points are the oandle
- MAPT test numbers.
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Figure 22: Luminous effiocienoy vs candle diametar.

CANDLE DIAMETER (inches)
Shows

degradation of efficiency for epoxy oast candles as diameter
inoreases. Numbers on data points are the candle MAPI test

numbers.
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APPENDIX VII

EFFECTIVE BRIGHINESS CURVES
(for pressed candles)

Figure 23: Effective Brightness Curves. Projected surface-area
of the flame vs luminous intensity fur candles pressed with 5%
polyester binder and 55% magresium. G groip tested in January 67;
L group in March 67, Numbers on data points are the candle MAPI
test numbers., '

Figure 24: Effective Brightness Curves. Projected surface area
of the flame vs luminous intensity for candles pressed with §%
polyester binder and 62% magnesium. P group tested:.in January;
M group in March 67. Numbers on.data points are the candle MAPI
test numbers.

Figure 25: Effective Brightness Curves. Projected surface area

of the flame vs luminous intensity for candles pressed with 5% polyester
binder and 70% magnesium. R group tested in January 67; N group in
March 67, Numbers on data points are the candle MAPI test numbers.

Figure 26: Effective Brightness Curves. Projected surface area
of the flame vs luminous intensity for candles pressed with silicone
binders. Numbers on data points are the candle MAPI test numbers.

Figure 27: Effective Brightness Curves. Projected surface area
of the flame vs luminous intensity for candles pressed with epoxy
binder. Numbers on data points are the candle MAPI test numbers.

Figure 28: Effective Brightness Curves. Projected surface area of
the flame vs luminous intensity for hybrid candles pressed with

medium pressure with epoxy binder., Numbers on data points are the
candle MAPI test numbers.
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3 Figure 23: Effective Brightness Curves. Projected surface 4
erea of the flame vs luminous intensity for candles pressed

3 with 57 polyester binder and 559, magnesium. Q group tested

3 in January 67; L group in March 67. Numbers on data points

are the candle MAPI test numbers.
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Figure 24: Effeotive Brighitness Curves. Projected surface
area of the flame vs luminous intensity for candles pressed
with 5% polyester binder and 627 magnesium. P group tested
in January; M group in March 67. Numbers on data points are
the candle MAPI test numbers,
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Figure 25: Bffective Brightness Curves. Projected surface area of the
flame vs luminous intensity .for candles pressed with 5% polyester bin-
der and 707 magnesium. R group tested in January 67; N group in March
67. Numbers on data points are the candle MAPI test numbers.
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Figure 26: Effective Brightness Curves. Projeoted
surface ares of the flame vs luminous intensity for
candles pressed with sillcone binders. Numbers on
data points are the ocandle MAPT test numbers.
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MAPI test numbers.
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Figure 28: Effeoctive Brightness Curves, Projested
surface area of the flame vs luminous intensity for
hybrid candles pressed with medium pressure with
epoxy binder. Numbers on data points are the can-
dle MAPI test numbers.
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APPENDIX VIII

EFFECTIVE BRIGHTNESS CURVES
(for cast cardles)

Figure 29: Effective Brightness Curves. Projected surface area
of the flame vs luminous intensity for candles cast with silicone
binder. Numbers on data points are the candle MAPI test numbers.

Figure 30: Effective Brightness Curves. Projected surface area
of the flame vs luminous intensity for candles cast with epoxy binder.
Nurbers on data points are the candle MAPI test numbers.

Figure 31: Effective Brightness Curves. Projected surface area
of the flame vs luminous intensity for camdles cast with polyester
binder., Numbers on data points are the candle MAPI test numbers.

Figure 32: Effective Brightness Curves. Projected surface area
of the flame vs luminous intensity for candles cast with polysulfide
binder. Numbers on data points are the candle MAPI test numbers.

Figure 33: Effective Brightness Curves. Projected surface area
of the flame vs luminous intensity for cendles cast in an aluminum

candle case with a polyester-epoxy birder. Numbers on data points
are the candle MAPI test numbers.
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APPENDIX IX

Polar Plots of Light Distribution
for Candles 426 and 394

Figure 15: Luminous intensity (x108cd) by photocell at about the
12th second into the burn of double star cavity candle MAPI 426,

Figure 34: Luminous intensity (x10%d) by photocell at about the
20th second into the burm of double star cavity candle MAPT 426,

Figure 35: Luminous intensity (x10%cd) by photocell at about the
10th second into the burn of double star cavity candle MAPI 394,

Figure 36: Luminous intensity (xlOscd) by photocell at about 20th
second into the burn of double star cavity candle MAPI 394,

Figure 37: Luminous intensity (xlOscd) by photocell at about 30th
second into the burn of double star cavity candle MAPI 394,
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